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INTRODUCTION 
Shelter Planting and its Origins 
In a discussion of shelter planting for agriculture, Nichols (1960) 
hs pointed to the s:tgnificence of topographical configuration in pro-
viding shelter, and the importance of that provided incidentally by walls, 
hedges, buildings and low vegetation. 	Forest shelter is added shelter, 
but it has been considered valuable enough for extensive shelter planting 
to have been carried out in the past end to be advocated at the present 
time. 	The problems of shelter are complex, resisting precise expression, 
and so equally are those relating to "exposure", the effects of which 
vary from negligible to catastrophic, and which for the most part cannot 
be assessed in economic terms. 	In providing shelter, agriculture seeks 
to lessen the adverse effects, or reduce the risks of "exposure", and to 
modify to some extent the uncontrollable sector of the environment, the 
local climatic conditions. 	The provision of shelter in the form of 
woodland on farms is, or should be, related to the function such woodlands 
are to perform, although the details of the sylvicultural structure, and 
of the effect of this on air flow and microclimate are perhaps problems 
for forestry and meteorology. 
Existing shelter woods in Scotland are not scattered at random over 
the countryside, but rre in a definite relationship to the distribution 
of farms. 	Their origins are to be found in the agricultural changes 
which began in the early 1700's, and had established by about 1840 a 
pattern of rural land use which is still in evidence today. 	These 
changes involved both the system of land tenure and agricultural practise, 
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details of which are to be found in the "Re,ort on the Present State 
of Agriculture in Scotland" (1878). 	Particular fe'tures of these 
changes are described by Sinclair (1814), Meiklejohn (1951), Geddes (1951) 
and Bedford Franklin (1952). 	Briefly, the run-rig system in which 
peasant farmers worked small, unenclosed, scattered plots of lend, wee 
replaced by a pattern of enclosed fields on large farm units, occupied by 
tenant farmers, and worked with the old of hired labour. 	The length of 
leases, originally from one to five years, W98 extended, giving greeter 
security of tenure, the intention being to increase the interest of 
tenants In the efficient maintenance of their farms. 	The Infield, out- 
field system of management was replaced by rotational cropping. 	The 
introduction of root crops as winter feed led to the reorgenisation of 
the cattle and sheep rearing Industry, since larger numbers of anilmals 
than before could be overwinterod. 	With these changes In farm manage- 
ment came other developments, such as intensive breeding and selection of 
strains in crops arid stock, new techniques and Irventions, improved drain-
age, liming, and the use of the two-horse plough; all of which resulted 
in an intensification of farming pr'ctise and an Increase in productivity. 
The publications of the time such as thetatistical Accounts" 
(1790's), the "Transactions of the Eiighland and Jgrioulturr4 Society" 
(1799 onwards), and various "Reports on the State of Agriculture" In 
different counties reflect this great activity. 
Until the end of the 19th c6IItury, when agriculture began to suffer 
from economic depression (Tracy 1964), It was not always prosperous, but 
this Improvement In farming practise continued. 	Part of it was the 
planting of woodlands for shelter, and evidence that this planting coin-
cided with, and was Indeed part of the agricultural activity, is provided 
by the "Report on the State of Agriculture in Scotland" (1878). 
This mentions efforts by various landowners in the early part of the 
eighteenth century to draw attention to the small extent and poor con- 
dition of Scottish woodlands. 	In 1723 the "Society of Improvers in 
the Knowledge of Agriculture in Scotland" WRS formed in Edinburgh, and 
became active locally for twenty years. 	In 1754 the "Select Society" 
appeared, with an interest In the whole of Scotland, and gave rise to 
"The Edinburgh Society fot the Encouragement of Arts, Sciences, Manufac- 
tures and Agriculture", which promoted extensive planting. 	Premiums 
were offered for planting schemes and for manufactured articles in wood. 
In 1784 the Highland and Agricultural Society came into being and In 
1793 the Board of Agriculture. 	Both of these bodies contributed sub- 
stantially to the current activity in farming and forestry. 
By 1800 the general outline of the present day rural pattern had 
already appeared. 	At this date there was a distinctive distribution of 
woodlands, by far the greater part of which were centered on country 
houses and were of relatively recent origin. (Robertson 1793. 	Maps 
of the Lothians and Berwickshire 1799. 	"Report on the State of Agric- 
ulture in Scotland" 17q8) Particularly noticeable on the maps is the 
arrangement of so much of this woodland in rectangular patterns. 	These 
were part of the enclosures, walls, ditches and hedges which were being 
laid down to demarcate field limits, effect drainage arid control the 
movement of stock, and which accompanied the introduction of crop rotat- 
ion. The use of trees and tree belts as part of these original enclos- 
ures is confirmed by the work of Third (1957). The motives for planting 
trees as pert of the system were undoubtedly mixed. 	The observations of 
Robertson (1793) quoted below Indicate that the value of walls and hedges 
for shelter was appreciated, and these tree belts may have been Intended 
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to give more extensive shelter thrn hedges. 	Robertson mentions the 
keeping by landowners of pedigree stock near the mansions for breeding 
experiments, end there may sometimes have been a particular concern 
to protect such herds end flocks. 	The planting of Eods to ornament 
country estates hd become fashionable, and in this there was an 
element of competition (Caborn 1965). 	The incentives offered for tree 
planting by various societies hich may have encouraged this, have 
already been mentioned. 
Shelter end Farm Type 
As enclosure in the lowland areas with relatively good soils was 
completed, attention was turned to the improvement of the more difficult 
mnrginl Preas, which are generally uplands and high lying ground. 
(Penistan 1952. Geddes 1951). 	The Forestry Commission's "Census of 
Woodlands" (1947-1949) has noted that counties with particularly good 
agricultural soils are frequently those with low proportions of woodland. 
A writer in the "Transactions of the Highland and Agricultural Society" 
(1835) commented that while plantations were often overdone on corn lands, 
they were definitely of value in providing shelter for stock and crops in 
upland areas. 	The association of shelter wood planting with these 
uplands, and probably as a result of that phase of agricultural improve- 
ment, is particularly noticeable (Geddes 1951). 	There is, and always 
has been, an emphasis on shelter planting in upland areas, and a corres-
ponding relative absence of such planting in arable areas, indicated by 
the Forestry Commission Survey. 	This distribution of shelter oods is 
a consequence of a system of agriculture in which arable farming claims 
the better soils and stock farming is restricted to the poorer. 	These 
poorer soils are generally In upland areas which are often very 
exposed, so that shelter is particularly necessary. 	This distribution 
of ferm type is shown in "Types of Farming in Scotland" (1952). 	It is 
necessary for farms in the uplands to keep large numbers of sheep, and 
sometimes a few cattle, outside and unprotected by any building through- 
out the winter. 	This period is not only subject to the worst climatic 
conditions of the year, but the growth of pasture grasses is negligible 
for four or five months,(the hungry gap: Hill Farming Research Report. 
1961) making supplementary feeding an absolute necessity for all but the 
hardiest hill sheep. 	In severe winters it seems tht more supplementary 
feeding Is required than in milder winters (Scottish Agricultural Econ- 
omics 1965). 	In this case the possible effect of weather on farm 
economy can be eprecIated, since the increased supplementary feeding 
Involves an increased expendIture which must reduce the efficiency of 
production in an economy which Is already near mprginal on many upland 
hill farms. 	(Types of Farming in Scotland 1952). 	The value of shelter 
is not so much in the protection that it provides against heavy losses In 
exceptional winters such as those of 1885 (WylkIe 1885) or 1947, as In 
reducing the general climatic stress to which livestock are exposed, 
which can stimulate increased food uptake (Armstrong et el. 1959). 	Well 
sited belts combined with efficient shepherding can be a valuable asset. 
Gowan (1857) has discussed very fully such management In relation to hill 
sheep flocks, but the principle applies to all sheep farming where exposure 
is appreciable. 	stock will use shelter, and as Nichols (1960) baa also 
remarked, there are times when shelter is particularly valuable, for example 
at lambing and after shearing. 	Well sited belts will also permit easier 
winter feeding on protected sites under the worst weather conditions. 
Little is known of the economic value of efficient shelter wood plantations. 
Landale (1961) has estimated that on his estate the Drovision of 
shelter, in what was originally a virtually treeless upland area, has 
been responsible for perhaps one third of the increased productivity 
which has occurred over a. period of eighty years. 	Work is now being 
done to evaluate the effects of exposure on the physiology of stock. 
Blaxter (1961), Armstrong et al. (1959), Doney (1962). 	The px'imy 
role of wind in disturbing the fleece of sheep and so destroying or 
reducing its insulating properties, resulting in heat loss and physio-
logical changes which lower the resistance of animals, and increase the 
need for food intake, are Indicated by this work. 	Munro (1962) has 
observed sheep to seek shelter in response to strong winds but not In 
direct response to rain or low temperatures. 	These kinds of observat- 
ions are providing evidence of the significance of wind in exposure, the 
way In which this may reduce the efficiency of management, and how shelter 
may be beneficial to stock. 
Shelter planting Is, and probably always has been, mainly for stock 
(Cadman 1963), and Caborn (1965) has discussed the benefits which are 
derived from shelter. 	The sparsity of woodland in some arable areas, 
Indicated by the Forestry Commission census for whole counties, is prob- 
ably a general phenomenon wherever there is arable farming. 	One reason 
for this is the high productivity of most arable land, which is reflected 
in the small size and high rental value of arable farms compared with 
upland stock farms (Scottish Agricultural Economics 1965) and means that 
the diversion of productive land to plantations is not easily justifiable,. 
(Nichols 1960). 	(Some idea of the difference In productivity vich may 
exist between upland and lowland pasture is given by figures which show 
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Scottish hill pasture to yield 15 lb. of meat per acre, by comparison 
with 200 lb. per acre on English lowland pasture. 	Zuckermanri 1958). 
Barriers and Air Plow 
In recent years a considerable amount of research has been centred 
upon the effects of barriers on wind flow, with a view to establishing 
sylvicultural plans of management for shelterbelts, designed to produce 
a particular shelter effect. 	The general conclusions from this work 
are fully reviewed and outlined by Caborn (1957) and may be summarised 
as follows:- A solid vertical barrier provides a sheltered area immed-
iately to leeward in which the wind velocity, expressed as a percentage 
of the free wind velocity incident upon the barrier, is very low. 'There 
is also a smaller area immediately to windward in which wind velocity is 
reduced. 	Beyond the leeward sheltered region is a zone of turbulence, 
and beyond this the free wind velocity is quickly regained. Barriers 
which are to some extent permeable also produce a small sheltered area to 
windward, and a larger one to leeward, but the distance to which this 
extends is much greater than for a solid barrier of similar dimensions. 
The maximum reduction In wind velocity occurs at some distance to leeward 
and beyond this the free wind speed is regained only gradually. 	There 
Is little or no appreciable turbulence. 	The effect is due to the air pass- 
ing through the barrier moving at reduced velocity, but with a fairly even 
flow. 	This cushion of slow-moving air deflects the main stream over the 
barrier and prevents its descent to ground level for some distance beyond. 
Experience suggests that a barrier of about 40 permeability gives protect-
ion over the greatest distance relative to the height, for the work also 
shows that the distance sheltered by barriers of a given permeability is 
a function of the height. 	Por moderately permeable barriers an 
appreciable reduction in wind speed occurs over some ten to twenty 
heights on the leeward side of the barrier. 	The most effective pro- 
file for a barrier is one presenting a vertical face to the wind, not 
a sloping face which offers less resistance. 	The width of the barrier 
is not significant, except in so far as, in the case of a stand of trees, 
this affects the permeability. 	Too wide a barrier will absorb some of 
its own shelter and therefore be inefficient by comparison with a narrower 
belt which shelters a greater area from its leewrd margin. 	These con- 
clusions have been based on wind tunnel studies, on wind studies with 
artificial barriers and on wind speed measurements near existing shelter- 
belts. 	It is only recently that the conclusions drawn from such research 
have been applied to the actual design and planting of ehelterbelts. 	It 
cannot be assumed that the absence of any such documented research meant 
that earlier shelterbelt planting was therefore entirely uninformed. 
There is evidence that the choice of ehelterbelt sites on particular farms 
has shown a deep insight into local meteorological conditions, and that 
the siting has been such as to exploit the natural topographical shelter 
to the full (see also Robertson quoted below). 	Caborn (1957) has re- 
marked that most research has been concerned with shelter provided by 
barriers on flat ground, and that the effective shelter provided by a 
barrier Is reduced if the ground surface to windward of the barrier is 
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agla. 	Nageli (1961) emphasises that very little is known of the shelter 
effects of barriers in hilly terrain and that local knowledge and intuitive 
planting is probably of more value in such areas, than planting based on 
the results of research previously outlined. 
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With regard to the recent findings indicating the greater effect- 
iveness of a semi-permeable barrier, since it protects a greater area 
and with less turbulence than does a solid barrier of the same dimensions, 
it is interesting to note the observations of Robertson (1793) in dis-
cussing the merits of walls and hedges in providing shelter:- 
"Enclosures are productive of other and much higher benefits than 
merely defending lands from cattle. 	The warmest air lies near 
the surface of the earth, being that portion of the atmosphere 
which, like a blanket, Nature spreads over the soil and its 
production, and hence fences of all kinds tend more or less to 
prevent such a valuable covering being blown off by the winds. 
The particular kinds of fences best nuited to this pupose 
seem to be thorn hedges. 	These forma kind of network, partly 
solid and partly open. 	The solid parts prevent the immediate 
passage of the wind, make it rebound, mount to a considerable 
height and not be able to cover its former low direction along 
the surface of the earth till some apace of time after it has 
passed the top of the fence. 	The open parts, or interstices, 
on the other hand, suffer the wind to pass through, but by 
dividing the great stream Into numberless small currents, and 
by variously bending and distorting the lines in which these 
currents flow while passing between the branches, its force is 
almost altogether broken so that what was a blast on one side 
may be said to come out a breeze on the other. 	While a hedge 
fence from these circumstances combined protects the land from 
boisterous weather to a great distance beyond the place where 
It stands, Jt also in calm weather allows the air to circulate 
and pass through it to either side, a circumstance highly 
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favourable to the healthy growth of the immediately contiguous 
crop." 
Woodland Management and Farm Economy 
The planting of woodland on farms involves certFin problems of 
management and finance. 	If woodland planting has to be justified on 
economic grounds then the expected returns from such planting must com-
pensate for the loss of productive land, and the costs of establishment 
and management of the woodlands. 	Sanders (1958) p,e used drainge 
schemes on f.rins as an illustration of the way in which a law of dimin- 
ishing returns operates for such improvements. 	There is a limit to 
the work which can be done, beyond which the financial outlay is not 
compensated for by the likely returns, even though this may mean that 
all the land is not efficiently drained. 	The same principle applies to 
any woodland planting on agricultural land. 	The possible returns from 
woodland are limited to three significant sources; shelter, timber and 
sport. 
In Britain there is not the close integration of farming and forestry 
found in Denmark and parts of Northern Germany (Baltaxe 1960) or Finland 
(Black Pere. comm.) 	It is probably rare for farms of any description to 
include within their boundaries timber woodland and even rarer for this 
woodland to be worked by and its finances to be integrated with those of 
the normal industry of the farm. 	The area and dimensions of most 
efficient shelter woodland do not make it likely that such sites will 
produce saleable timber, nor could they be efficiently worked for this 
purpose. 	This is clearly recognised in the Forestry Commission Census 
(1947) which places all ehelterbelta in the category of woods "not suitable 
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for economic management", because of the size and dimensions, or 
because of the main use for shelter. 	Without the tradition, knowledge, 
or labour to manage large woodland areas it is unlikely that timber can 
often be looked to as en important return from farm woodlands, apart 
from a small amount useful on the farm itself. Any planting scheme 
involves a relatively large capital outlay and delayed returns, and this 
may be a Jvprrier to any projected planting schemes on farms with limited 
capital (Zuckermann 1958). 	Where such schemes are intended to provide 
shelter, calculation of the likely returns cannot be nearly 88 accurate as 
those for timber. 	In providing woodland shelter, owners may look for an 
increase in the efficiency of production methods, or some increase in 
productivity. 	Landale's estimate (1961) of the increased productivity 
which might be due to shelter planting has been mentioned. 	Caborn (1957) 
has summarised the evidence for increase in crop yields due to shelter, 
but this refers to lowland arable farming. 	There is little information 
available which can be used to estimate for any particular farm what per-
centage of the total area might be usefully planted for shelter without 
exceeding an economically justifiable limit. 	Caborn suggests that for 
exposed arable farms in general, up to five percent of the total area 
could usefully be planted, and in parts of Germany current practise alms 
Pt one percent. 	For upland farms with larger acreage and of lower rental 
value per acre, it is possible that a larger percentage than on lowland 
areble farms would be available. 	Whet this might be is a matter for 
speculation - individual farms, even of the some farming type ard in the 
same locality, probably vary in their requirements due to local differences 
in natural topographical shelter. 	In planting for shelter, the financial 
and managerial difficulties are much the some as for the planting of timber 
woods, and calculation of the likely returns can only be tentative. 	Any 
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kind of woodland can improve sporting facilities, although there are 
times when the needs of the sportsmen and the interests of good 
forestry management cannot be reconciled end one must take precedence. 
Shooting is let for the whole farm area and it seems unlikely that for 
many farms the planting of more then small game coverts could be 
Justified by the likely increase in shooting rent which could be demanded. 
These points are probably the most important which must be considered by 
farms when attempting to cost any scheme of planting, and it is possible 
that planting for shelter has in the past been planned on an intuitive 
estimate of the likely returns, rather than on one well calculated. 
At the present time farms do not necessarily have to meet the full 
coat of planting for shelter or for timber, since a variety of grants 
are available for planting schemes under private ownership. 	The Forestry 
Commission gives planting grants to owners who are preppred to agree that 
their existing woodlands or a specified area of land will be maintained 
for timber production in perpetuity, and yearly management grants are paid 
for these projects. Planting grants alone are available where the owner 
returns the option of converting the land to other uses. 	This "Dedication 
Scheme" usually involves areas of fifty acres or more, which is a substan-
tial project for many farms which do not already possess such an area of 
woodland, and are concerned only to provide shelter. 	In the Forestry 
Commission Census (1947) certain woodland sites were described as unsuit-
able for economic management because they were difficult of access, with 
unsatisfactory boundaries (eg: narrow woods with a great length of boundary 
relative to the area enclosed) and restricted secondary uses of the land 
(eg: shelter). 	Clearly existing or planned aheltorbelt sites are unlikely 
to be efficient as timber producing woods. 	The provisions of the Dedi- 
cation Scheme are therefore unlikely to be of significance for shelter 
planting except where shelter woods may be associated with extensive 
timber planting and labour and capital for planting is already available. 
Sometimes land Can be sold to the Forestry Commission, and although it 
will be managed for timber production, the farms on which these wods 
are sited gain some shelter and free fencing, as well as a price for the 
land. 	Although the Forestry Commission does provide grants for the 
planting of small stands, including shelter woods, other governmental 
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grants specifically for shelter planting on RIA farms (Livestock Rearing 
Act 1951) or for hill farms only (Hill Farming cts 1946-1954) may be 
more advantageous. It is probable that there is rather more financial 
assistance for timber planting than for shelter planting. In most 
instnrices labour La contrcted, although some properties have specialist 
forestry staff or can employ farm labour. 
Surveys of Woodland and Shelterbelts 
At the present time there is little information on the distribution, 
extent and condition of shelter woods. 	The Forestry Commission Census 
of all woodlands over five acres in extent and more than 22 yards wide, 
included a number of observations of significance. 	The unsuitability of 
shelter wods for efficient timber management and the reasons for this 
have already been mentioned. 	In the category of woods "not suitable for 
economic management" were also included a variety of other woods, so that 
the observations of the Report, with references to this category of site, 
could not be taken as specifically &PIcerning shelter woods. 
References to ehelterbelta in particular are of interest. 	The 
prevalence of beech in the eastern counties of Scotland is explained in 
part by its frequent inclusion in shelterbelts. 	The Analysis of the 
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distribution of age classes of stand in different counties shows a. 
predominance of older stands. 	This is considered to be a direct 
consequence of the preservation of shelterbelta in certain Scottish 
counties, amongst which are the Lothians and Berwickshire. 	These 
counties do not contain much state woodland and the large number of 
older stands may be due to the feet that being scattered and relatively 
email in area, these woodlands have not suffered so much from wartime 
fellings. 	Discussing economic management of woodlands in relation to 
composition, it was found that ninety percent of coniferous high forest 
was suitable for economic management, but only about seventy-five percent 
of broad-leafed and mixed high forest. 	The Report notes that the 
majority of shelterbelt policies and amenity woods fall into these latter 
two categories. 
A 1rter survey of woodlands under five acres in extent, by the 
Commission (1951) involved only a very small sample of existing woods, 
although the whole country was included in the survey. 	Conclusions 
could only be drawn for the country as a whole, and since there is consid-
erable variation In the woodland distribution between counties, the 
results were of limited relevance to ahelterbelt distribution, composition 
and condition. 
A survey of ehelterbelts by Murray and Mu*oh (1961) wa intended to 
develop a scheme of classification, from details of existing shelterbelta, 
which could be useful for analysing and directing field work on wind-flow 
patterns near these woods, and which might form a beia for some subsequent 
survey of shelterbelts to estimate the need for and nature of future 
planting. 	This work was carried out near Edinburgh and a few points are 
of relevance to shelterbelta in this area.. 	Eighty--nine percent of the 
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belts were required for farms whose main occupation was stock farming. 
The remainder were on mainly arrble land, or gave shelter to roads, 
parka or buildings. 	Lees than one quarter of the belts were consid- 
ered to trovide setlafctory shelter at the time of the survey. 
Conifer belts were more common thn broadlePfei belts, and the 	edom- 
manes would increase due to the current regeneration rtes of the two 
types. 	(This predominance of conifers may be regarded as a reflection 
of the emphasis on conifers in general forestry practise for the last 
forty years or so, and is commented on by the 1947 Commission Retort.) 
The condition of so many old conifer belts was found to be so unsatis-
factory that the policy of pure conifer shelter palntlng was regarded as 
questionable. 	The efficiency for shelter of belts wide enough to be 
attrzctive for timber production was thought to be restricted both for 
shelter and timber production. 
The picture given by these two reports suggests that many belts 
are old (large proportion of broadleafed and mixed woodland, which is 
no longer p1nted) and that the condition is poor (only one quarter 
satisfactory for shelter and poor condition of old confier belts). 
The extent to which factors such as 4e eenest) fellings, economic 
depression and neglet, and exposure may have been responsible for this 
aituEtion is not known. 	Since the primary function of a ahelterbelt 
is agricultural, it is necessary to examine the farming background as 
well as the actul condition and distribution of shelterbelta. 	Only In 
this way is It likely that all the Influences which may determine shelter-
belt condition and the planting of ahelterbelte can be accounted for. 
An attempt has been made in this study to eamIne the woodlands in relation 
to the farms of which they are a part, rather than as isolated woodlands. 
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METHOD OP STUDY 
Definition of Shelterbelte 
Murray and Mu±ch (1961) in their work defined shelterbelts as:-
a stand of trees or shrubs intended to provide shelter, 
occupying a strip of ground the width of which does not exceed 
110 yards (five chains) and the length of which is at least 
four times the width." 
This definition was intended to exclude from consideration large 
blocks of woodland which could be useful for timber production, and small 
shelter blocks. 	Its use wee intended to confine attention to a particular 
type of shelter wood, the classification of which would be useful for 
sylvicultural and aerodynamic research on the relationship of structure to 
function in shelterbelts. 	Shelterbelts defined as such are not the only 
kind of ahelterwoods on farms, and it is unlikely that they have been 
treated differently from other shelter woods or from other vo ode generally 
on any particular farm. 	The present work was conceted to examine not 
only the present condition and distribution of shelterbelts, but also the 
past history of their development, which is intimately related to that cf 
the farms to which they belong and of other woods on those farms. 	In 
order not to exclude from consideration farms on which any appreciable 
shelterbelt planting had occurred, the definition was broadened. 	Shelter— 
belts, or the sites of shelterbelts, are defined as stands of trees or 
shrubs intended t& provide shelter, or the sites of such stands, occupying 
a strip of ground the width of which does not exceed 110 yards (five chains) 
and the length of which is at least twice the width. 	It is considered 
that this definition covers the majority of woods planted for shelter, 
while excluding most, if not all, of those for which shelter is an 
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incidental or partial usage. 	It also allows an estimate of all planting 
that has ever occurred, using maps to detect sites now float. 
Selection and Description of Shelterbelta 
Sites which appeared to fall within the above definition were located 
with the use of current Ordnance Survey Maps of the 1" series,  supplemented 
by earlier editions on a scale of l" 6" and 	" to one mile. 	No maps 
show farm boundaries, and ownership of such sites had to be established by 
use of the Valuation Rolls arid local eriquiry,ogether. 	Owners of shelter- 
belts were asked for permission to visit their woods, and for details of 
woodland management, farming type, farm area and history of the property 
and planting. 	A note was made of farm boundaries and of the w ode Included 
within them. 	Some or all of the shelterbelts or shelterbelt sites on a 
property were described In respect of condition, age and species compos-
Ition. 
The Use of Maps to show Previous Planting 
The dimensions of shelterbelts, their acreages, and the creages 
of all other woods on each property were calculated using as a basis the 
1907 Ordnance Survey map editions on a scale of 2' to one mile. 
Acreages are marked on these and linear measurements can give relatively 
accurate estimates of length and breadth of woods in yards. 	su€h linear 
measurements were also made on belts planted after 1907 by using the 6" 
to one mile Ordnance Survey series. 	The areas calculated in this fashion 
are accurate to one ?cre (in some instances the irregular shape of a mood 
makes any but an average estimate of dimension impossible). 
18 
The various map editions published since 1800 on a scale of 1" to 
one mile allow the approximate time of appearance of all the shelter-
belts to be determined, and so an estimate of the age of the site. 
These editions are listed in Appendix D. 
A note was made of all woodland sites that had ever been planted 
on farms, even if the sites no longer carry standing timber, and the 
estimate of woodland area includes some sites which have since disappeared 
besides a large area which has been cleared and not replanted. 
Classification of Farm Woodlands 
A rough classification of woodland sites was found to be valuable In 
selecting from maps woods likely to be important for shelter, and *Ich 
could be defined as shelterbelta. 	The claaaifl cation wee also useful in 
the field for describing woods which could not be defined as shelterbelta. 
The Report on the "State of Agriculture in Scotland" (1878) notes that at 
that time very little woodland was more than 100 to 150 years old. 	In 
the Lothiana and Berwickshire nearly all the woodlands have been planted 
since the beginning of the Agricultural Improvements. 	Therefore, little 
woodland Is natural, and the siting of most has been deliberate, so that 
even a map study can suggest the probable nature and function of a wood 
from its siting and dimensions. 	The following types were distinguished:- 
1. 	Woodland which follows water courses, or covers steep slopes, 
often irregular In outline. 	Such sites are usually of low 
agricultural potential and may be dangerous to stock. 	The 
growth of wood1nd may be due to deliberate planting, or to 
natural growth tolerated, or even encouraged, by planting, 
after the fencing off of the area from cattle and sheep. 
These sites may give a little shelter, farm timber and fire- 
wood, and also have sporting or amenity value. 
Large blocks of woodland, generally rectangulrr in plan, 
and more th.n ten acres in area. 	These are not associated 
with any conspicuous topographical feature. 	(In the Lothians 
and Berwickshire they are most frequent in lowland areas and 
have been present since 1850 at the latest. 	These lowlands 
were the areas first improved and the woods may be sited on 
particularly intractable soils, but no definite evidence is 
available to support this suggestion). 	The majority of these 
woods seem to be managed for timber. 
Narrow strips of woodland forming, or having formed, part of 
regular rectangular patterns, generally near large houses and 
long established (map evidence). 	These are parts of early 
enclosure planting, probably intended for sport, decoration, 
sometimes demarcation of boundaries, as well as shelter. 
Strips of woodland generally more scattered than the previous 
type, and particularly associated with upland areas. 	They 
vary in acreage from less than one acre, to twenty or more. 
A frequently recurring feature is their alignment at right 
angles to the bovth v4st winds, or the locally predominant 
wind direction, which may be determined by the topographical 
features. 	Most of these are ehelterbelts. 
Small blocks and clumps of woods which in lowland areas are 
frequently game coverts, but in upland areas are more likely 
to be shelter blocks. 
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The Area of Study 
The area studied 18 shown in figure 1. 	It covers the northern 
escarpment of the Lammermuir plateau. 	The high central area of the 
plateau is virtually bare of planting and is predominantly bill pasture 
or moorland. 	The work did not extend to the south of the Laminermuirs. 
The upland valleys of the Leader and Gals waters, in the parishes of 
Heriot, Channelkirk and Stow, lying between the Lammermuir and Moorfoot 
Hills were also included. 	The Moorfoot Hills themselves, like the 
Laminermuirs, are bare of planting on their heights. 	North of this 
upland area are the arable plains of Midlothian and East Lothian, %thich 
do not seem to have so many shelterbelts. 	The upland area with gently 
undulating hills is particularly exposed to strong winds *iich are likely 
to bring low temperatures when they blow from the North or North-East. 
In winter and spring they, and the South-West winds, may bring snow as 
well, and this is liable to drift, burying stock. 	These conditions are 
a particular problem at lambing time, but exposure throughout the year is 
a permanent problem. 	The conditions are generally more severe than in 
the lowland areas; there may be differences of 5°C and snow may lie for 
fifty days in the hills, by comparison with ten days in the lowlands. 
Type of Farming and Provision of Shelter 
From figure 2 it can be seen that the area of study, chosen because 
of the frequency of occurrence of shelterbelts, has coincided very closely 
with an agricultural region primarily concerned with stock farming. 	The 
most recent classification of farm types (Vol. XV Scottish Agricultural 
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Economics) involves many details of farm organisation, lbour require- 
ments, numbers of stock, area of rough pasture etc. 	Since all of 
these details were not obtained for all of the farms involved, a precise 
classification of farms on this basis could not be made. 	Table 1 
--summarises in a very general form the farm types on which ehelterbelte 
were found. 
TABLE 1 	Types of Farm on which Shelterbelts were Described 
Stock farming Cash cropping Dairy herd 
predominant important important 
49 8 2 
(One farm with a dairy herd has also an emphasis on cash cropping). 
Hill sheep farms are few (moorland is rarely planted) and the 
majority of farms are stock farms. 	These keep flocks of sheep which have 
to have supplementary feed throughout the winter and are generally less 
hardy than hill sheep. 	Most of these farms have some arable land which 
is devoted to the production of feeding stuffs for the sheep and cattle. 
Only two farms have an Important acreage of cash crops excluding any stock 
management and on. only two farms was shelter of primary importance for 
crop protection. 
Area. of Woodland and Area of Farm 
Reasons were g Cfl for assuming certain limits to the percentage of 
a farm's area which may be profitably managed as woodland, together with 
the usual farming. 	Fifty-eight farms were Included in the study. 	The 
total acreage of woodland and the total land area involved were calculated 
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and the mean percentage of woodland per farm derived from this, as shown 
in Table 2, to see what acreage and percentage of farm area had been 
actually planted on farms. 
TABLE 2 	Woodland Areal Total Farm Area and Average Form  
for 58 Farms in the TToThTans and Berwickshire 






% of tot- 
Acreage 
of Wood 
(Agree) (Acres) al Lend 
Area 
per Farm 
58 60,915 	1 9050 29022 3 35 
+Thja includes all sites which have been wooded, even 
if now cleared.  
The table shows that for the agricultural area involved, about 3% 
of the total is, or had been, under woodland, and there are on average 
about thirty acres of wood per farm. 	These figures for percentage of 
woodland may be compared with those of the Forestry Commission Census for 
the whole agricultural area in the three counties of Midlothian, East 
Lothian and Berwickshire (Table 3). 
TABLE 3 	Figures from the Forestry Commission Census of Woodland 
Showing the Total Wood1nd Area as a Percentage of the 
Total Land Area for Midlothian, East Lothian and Berwic 	r 
Midlothian 	East Lothian 	Berwickshire 
4.7% 	 5.9% 	 5.2% 
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Conaidezing the small and unrepresentative size of the sample, 
the figure of 3% cannot be said to differ aignificntly from that of 
about 5% for the counties as a whole. 	Both figures refer to mainly 
agricultural land, although the present work has been concerned with 
only one particular type of farming. 	(The Forestry Commission figure 
was only for woods over five acres). 	The figures in Table 2 conceal 
a considerable amount of variation in farm 817e, absolute acreage of 
woodland per farm and percentage woodland area per farm. 	Table 4 shows 
in more detail the percentage of woodland area per farm. 
TABLE 4 
	
Farm Size and Percentage Woodland Area 
Woodland Area of Farm (acres) No of % of as 5 of Farms otal 
Total 200 	500 	700 	19000 	19500 	29000 
-500 -700 -1,000 -1 9500 -29000 + 
0-1 0 0 2 0 2 	3 7 12 
1-2 4 3 2 2 0 	1 12 21 
2-3 0 3 4 1 3 	0 11 19 
3-4 1 3 0 3 0 0 7 12 
4-5 2. 2 0 2 0 	0 5 8 
5-10 2. 2 4 4 0 	1 12 21 
10+ 2 0 1 1 0 	1 0 4 7 
Total No. 
of Farms 9 13 13 13 	' 5 	5 58 100 
of 
 Total 16 22 22 
f 
22 	9 	9 100 
______ ____ ____ ---•+- ____ _____ 
Table 4 shows that 30 farms (52%) have 3 or less of their area under 
woodland; 24 ferms (41%) have from 3 to 10%; and 4 farms (7%) have more 
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then 10%. 	About two thirds of all farms have, or have had, less than 
5% of their area under woodland. 	There is no sign that the percentage 
of woodland varies with the size of the farm, although there is consider- 
able variation of this percentage within most size groups. 	The largest 
farms prove an exception with only one out of ten with more than 3% 
woodland. 
Table 5 shows the actual distribution of woodland acreage amongst 
farms of different size groups. 
TABLE 5 	Acreage of Wocdland Sites and Distribution amongst Farms 
of_Different Size Groups 
Area of Farm 200-5001500-700 700-10001000 -1500l500 -2O00 2000+ 
Acreage of 
Wood Sites 142 272 486 772 142 209 
%of Tote]. 
Wood Site Area 7 13 24 38 7 10 
No. of Farms 9 1 	13 13 13 5 5 
Mean Acreage  
of Wood Site! 
Farm 16 1 	21 37 59 28 42 
From Table 5 it cn be seen that the average woodland acreage per farm 
does increase with farm size. except on the largest farms. 	As with the 
percentage woodland area, there is considerable variation between farms, 
which is to be expected in view of the varied history and siting of each 
farm. 	There is no corresponding increase In the Dercentage of modland 
area per farm and the two results together may indicate a certain constancy 
of the percentage of the farm area which can usefully be planted, on these 
farms of similar type and situation. 
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The exception of the large farms from this general trend may be due 
to the fact that they include a rather larger acreage than most farms of 
hill land. 	Planting has never been, and is not, extensive here. 	The 
main reason for this has probably been the absence of techniques for the 
establishment of plantations under such poor conditions of soil and expos-
ure until recently (Caborn pers. comm.) A contributory factor may be 
the economic conditions on this land. 	It is unusual for any but hill 
sheep to be run on bill land, and the stocking rate is about one sheep to 
every three acres (on improved pastures it is one sheep per acre or even 
more). 	The sheep are hardy and can survive with little or no supplement- 
ary feeding or woodland shelter and the amount of planting which could be 
economically justified may be limited by the low stocking rate and shelter 
needs, besides the difficulties of woodland establishment. 
Tables 4 and 5 have shown that while some farms may have up to 10% of 
their area under woodland, others of apparently similar type and with 
similar needs for shelter, have only 3% or less, and it is possible that 
these farms have less than they might. 	Most of this woodland is useful 
as shelter, if not specifically planted for this purpose. 	Table 6 shows 
h different woods have been distinguished. 
TABLE 6 	Woodland Sites on Farms Distinguished According to Usage 
Woods not primarily 	 Area Arcs % of Total Wood land 
for shelter 11 
Woods belonging to P.C. 	 158 	 8 
Shelterbelta described 	1 9 240 	 62 
Other shelterbelts not 
described 	 394 	 19 
Tots]. 	 20022 	 100 
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The area of shelterbelt sites described was 62% of the total area 
of woodland sites on the 58 farms. 	The 158 acres of Forestry Commission 
Woodland and the 394 acres of other shelter woods bring the total percent-
age of woodland sites useful or potentially useful as shelter, to about 
90% of the total. 	Only 11% does not appear to have been or be useful. 
Table 7 shows the usage of the 11% in more detail. 
TABLE 7 
	
Woodland Not Giving Useful Shelter 
Acres 	 1 154 	 45 	 31 
Usage 	 Timber 	Miscellaneous Reclaimed 
No. of Farms 1 	2 	 3 	 1 
Woods planted along watercourses etc. possibly for 
aesthetic considerations and for amenity. 
Some sites described as "other shelter woods" may have been intended 
to produce timber or to use poor ground and appear to give or have given 
useful shelter. 	Between shelterbelts and woods giving useful but mold- 
ental shelter there is no clear distinction, but the detailed description 
of sites was confined to shelterbelts, as defined on page 16. 	It is 
believed that the situation revealed in relevant in broad outline to all 
woods, except those managed for timber, on the farms visited. 
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PART IX 
The Condition of Shelterbelt Sites 
For a shelterbelt planted and maintained as such, the distribution 
of trees on the site should be relatively uniform over the whole area. 
At first this would be a regular distribution, since most planting is 
done in rows, with relatively close spacing of individual trees. 	As 
the wood ages the original geometrical pattern will disappear with sub-
sequent thlnnings so that eventually the trees are scattered regularly 
but without any constant pattern. 	Thinning due to management or loss 
of trees by accident or natural suppression should not proceed so far 
that the stand no longer presents any great resistance to air flow. 
The condition of woods was judged according to the degree in which 
the distribution of trees on a site approached or diverged from that to 
be expected from the age of the stand and its composition. 	Irregularit- 
ies in the distribution were estimated as significtnt or otherwise, in 
relation to the distribution of trees over the wood as a whole. 	The 
condition is, therefore, a description of the structure of a wood, and 
does not automatically reflect the efficiency of management or as shelter, 
although it may do so. 
Conditions of Stand 
Four conditions of stand were described in the following terms:- 
Condition A: 	The regular pattern of the original planting usually 
complete, no thinning having occurred (gape if any being due to drainage) 
Confined to those belts not considered old enough for thinning, or which 
are at thinnable age. 	In practise this appears to cover all plantations 
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between one and twenty to twenty-five years of age (when they have 
attained a height of from 20 to 25 feet). 	The visual estimate of stem 
ditributon over the site is generally 100% since it is rare for such 
plantations to have suffered any damage. 	Damage from blowing is probably 
exceptional, the only losses in an occasional stand were a result of snow 
damage. 
Condition B: 	The regular pattern of the original planting Dertially or 
entirely absent, due to thinning. 	In this group are included certain 
stands which have passed the age for thinning, but have never beeen 
thinned. 	Some small loss of individual trees may have occurred. 
Estimate of stein distribution 80% to 100%. 
Condition C: 	The regular distribution of trees as a whole, inter- 
rupted by gaps where two or three have been lost together. 	The estimate 
of stem distribution is 60% 	80% complete. 	In certain instances stands 
are included in which extensive loss has occurred at one point, In the 
form of blowing, but the remainder of the stand is little affected and 
alone could be classed as condition B. 
Condition D: 
	
The distribution of trees is either so sparse due to 
extensive losses that nowhere is there a uniform distribution, or if 
there are parts of the stand with such a distribution of trees, local 
heavy losses have occurred and, the estimate of distribution is less than 
60% complete. 	In certain instances it is difficult to make a decision 
between category C and B, as representing the state of a bolt. 	Where 
this is so, an estimate of the likely rehabilitation necessary has been 
made. 	Where the damage could be repaired by partial replanting, the 
stand has been described as condition C. 	Where a major replanting 
scheme would be needed, the stand has been described as condition D. 
In general, the classification of condition involves some estimate 
of age and shelter value of a stand. 	Category A is the youngest age 
group, and although no assumption can be made as to the age of stands 
classified as B, C or D, the work shows that they do generally represent 
increasing age. 	Condition B may include a young dense conifer stand of 
30 to 40 years, and an old stand of beech, perhaps 100 years old or more. 
In this case no comparison can be assumed between the shelter provided 
by each stand. 	Nevertheless, it is possible to give a rough outline of 
the likely shelter value of stands in each of the four nditions:- 
Condition A: Potentially good shelter, but sub-optimal, due 
immaturity of stand. 
Condition B: Optimal (without reference to "permeability" 
see below). 
Condition C: Either nearly optim1 or sub-optimd, due to 
deffective structure, but relatively efficient in relation 
to the area covered by the stand. 
Condition D: Sub-optimal or negligible shelter, and inefficient 
due to extensive loss of trees. 
(Murray and MuAch estimated the permeability of belts visually, and 
the shelter value was calculated on this basis. 	Permeability involves 
an assessment of structure and funotion,together. 	In view of the uncert- 
ainty surrounding the behaviour of wind in billy districts, and the fact 
that similar permeability may be due to different structural tOrm (see 
discussion of conditions C and D pp.39 and42. ) It was not considered that 
this type of description would be of any use for the present work.) 
30 
A fifth condition, E, was recognieb1e, in which no standing timber, 
or only an odd tree, remains or the site of a woodland. 	The usual 
reason for the lose of trees has been felling, or total blowing. 	Such 
sites could sometimes be recognised by the presence of stumps, fallen 
trees or remaining boundary walls, end all were confirmed as woodland 
sites by map evidence. 
The Condition of Shelter Woods or Sites Selected for Description 
1,240 acres of shelter woodland or sites falling within the definition 
of shelterbelt adopted for the purpose of this work, were described accord- 
ing to their condition. 	One of the 58 farms and its woodland is not rep- 
resented in table 8 because all the woodland present on it is owned by the 
Pores-try Commission, and this woodland is discussed in the appropriate 
section (p.37) - a'm no. 19. 
TABLE 8 	The Condition of Shelterbelts in a Sample from 57 Farms 
Condition 	A 	B 	C 	D 	E 	Tota]. 
Acreage 	291 146 312 	149 342 1 1,240 
% of Total 	24 	12 	24 	12 	28 	100 
The table shows one quarter (20) of the total acreage of these sites 
to have been recently planted. 	(It should be noted that 123 acres are on 
one farm). 	458 acres (36) of the total are covered by stands which may 
be assumed to provide relatively efficient shelter. 	491 acres (4O) of 
the total acreage is not in any condition to provide much shelter. 	This 
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extent of loss and damage suggests either very- severe conditions of 
environment and exposure alone, or that neglect or even a process of 
deforestation is operating. 	It is important to know whether the area 
described as in condition E does in fact represent a continuing process 
of clearance. 	Evidence is later presented which shows that most of 
this area has in fact been cleared for a long time, and that there is now 
no active clearing of shelter woodlands. 
TABLE 9 	The Condition of all Standi Shelterbelts Selected for 
DescriDtion on 57 Farms 
Condition 	A 	B 	C 	D 	Total 
Acreage 	291 	146 	312 	149 	898 
of Total 	1 	33 	17 	33 	17 	100 
Table 9 shows that the area in condition A, representing recent 
planting, is about one third of the total area of standing shelterbelts. 
This may be of significance if it shows a continuous Dlnting activity. 
Assuming the useful life of a shelterbelt to be about sixty to eighty 
years, to maintain the same acreage at all times for relatively efficient 
shelter (that is stands above 20 or 25 years of age), planting of one 
third of the total acreage available every 20 to 25 years, would mean the 
presence of standing timber giving useful shelter on two thirds of the 
total acreage at all times. 	Considering the cleared areas to be available 
for replanting, and not to represent a continuing process of clearance, the 
figures show that present planting activity on the farms Involved Is ade- 
quate to replace the existing area of standing shelter woodland. 	Of the 
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291 acres shown as being recently planted, 123 (42%) ,ores are on one 
farm (No. 8), where the sites are being replaiited under the Forestry 
Commission Dedication Scheme. 	It is important to consider the number 
of farms which have woods in any particular condition, and the relation-
ship of recent planting to farm needs, as shown by stands in other con-
ditions. 
The Condition of Shelter Wood Sites Amongst the Farms 
TABLE 10 
	
Shelterbelt Site Condition and Distribution Amongst 
the Farms. 
Condition A B C D E 
No. of Farms 20 24 30 22 19 
%of Total No. 
of Farms 35 41 52 38 35 
Arev of Woodland 
291 146 312 149 342 Sites 	acres) 
Average Woodland 
per Farm (acres) 15 1 	6 10 7 18 
The figures in Table 10 show that from one third to one half of all 
farms have woodlands in any one condition. 	Shelterbelt sites In condition 
A, representing recent planting are found on 20 farms (35% of the total). 
Sites which no longer carry any standing timber are found on 19 farms (33%). 
Of these, table 11 shows that 11 have no recent planting represented by 
woods in condition A. 
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TABLE 11 	Farms with Sites in Condition E 
With and Without Recent Planting 
With Woods In 	Without Woods in 
-Conaiti.K Condition A 
No. of Farms 	8 	 11 
No. of Acres E. 	125 	 217 
No. of Acres A. 	53 	 - 
These figures suggest that the amount of planting which might effect 
replanting of the cleared sites is limited both in relation to the area 
cleared and to the number of farms involved. 
Stands in condition B and C are assumed to give reasonably effective 
shelter. 	Table 12 shows the number of farms with shelterhelts either in 
condition B or condition C, or with sites in both conditions. 
TABLE 12 	Farina with Shelterbelts in Conditions B or C, 
of with ShelterbeIt in Conditions B and C. 
With Woods In With Woods in 
lin 





both 	of Farms 
Conditions with any 
Wooda in 
Condition 
IB or 	C. 
19 	 12 	 43 No. of Farms 12 
43 farms (76%) have some woodland which, Judged by its structural con- 
dition, is likely to give useful shelter at the present time. 	The extent 
of this on any farm varies and in some cases is so limited (Appendix A. 	) 
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that it is not significant in reletion to the total woodland eree. 	Table 
11 has shown the large acreage of sites cleared and giving no shelter at 
all, and that on 11 farms there is no evidence to show any likelihood of 
replanting. 	Some farms have little or no existing woodland In any condit- 
ion other than A, D or E $ijeh generally means little or no shelter. 
Table 13 shows the acreages end number of frms in this state:- 
TABlE 13 	 P 
	 a Ler 	ortion of their Woodlands 
InC 
Sites only in 	Woods in Condition D 
Condition D or E or B. A Large % of 
all woods described. 
Acres 	ç 	78 	11 	 259 
No. of Farmsj 	5 	 9 
Fourteen farms (25%) have a email or negligible area of standing shelter 
belts likely to give efficient shelter. 	A consideration of each category 
of site condition makes possible some estimate of the shelter value of 
existing stands and of past end present trenda.in planting. 
NOTES ON WOODLAND CONDITION 
Condition A 
The significance of recent planting can be considered either In 
relation to the acreage, or the number of farina involved. 	The number 
of farms involved Is of particular interest, since this Is a guide to 
the extent of planting and the likelihood of continued planting. 
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The sample of shelterbelts end shelterbelt sites showed 20 farms to have 
recent plantations. 	This sample did not include all the wods on all 
the farms, and if all such recent planting within farm boundaries is 
included, it can be seen that more farms have recently been engaged in 
p1 anti ng. 
TABLE 14 	Recent Planting Activity in all Woods 
tntations 0 - 25 years). 
No. of 
7-arms 
Shelter Other Porestri CthrTot&. No. 
Woods 	tTetcr Comission W-6-6-6-s'-BT-Farms 
ibed6ods 	Woods 	 with some 
-lPecent 
22 11 1 4 	3 	28 
Two more farms in table 14 than in table 10 are shown as hating at 
least some recent planting. 	Both involve recent partial replanting of 
existing belts, the general condition of which caused them to be included 
in other conditions. 	Only a few stands are known in which such Dartial 
replanting has occurred. 	Two other frms, which have not been recorded 
with recent planting in the shelterbelt sites examined, have recent 
planting in other woods. 	Both are plantings purely for shelter. 	One 
is a 16 acre shelterbelt, seen, but not included in the woods selected 
for description, and the other is a s1ter block. Since all Forestry 
Commission owned woods are in condition A, they can be considered at this 
point. 
Forestry Commission Woods - A total of 158 acres of woodland sites is 
owned by the Forestry Commission on four farms. 	Such woods are to be 
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managed for timber production but of interest since all of them give 
some shelter to the frms within whose boundaries they are sited. 	Table 
15 shows the farms and acreages involved:- 












Forestry Commission Woods 
- ___7 _Of t t 1 
rrea wood area 
46 32 2 0 100 80 2 40 
57 16 300 30 5 53 
55 40 19 200 50 3 80 
19 70 700 70 10 100 
The four farms are considered individually below:- 
Farm 46 - An old straggling site of 32 acres, part of more extensive wood-
lands, and which may have been planted to combine timber production and 
shelter. 	Then the present planting Is mature It will give useful shelter 
to the farm. 
Farm 57 - The site of 16 acres was originally part of a 32 acre T-shaped 
shelter wood. 	The remainder was ploughed up to add to the acreage available 
for the planting of cereal crops. 	The 16 acres have been included in a 
more extensive Commission planting on the boundary of the farm. 	Since the 
farm is now particularly m ncerned with cropping, It is unlikely that the 
shelter to be given by the plantation will be of much significance. 	The 
shelter need is, nevertheless, great enough for the farm to have planted 
a new shelterbelt of two acres on another part of the farm.  
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Farm 55 - Forty acres of wood are distributed amongst four woodland blocks 
from four to twelve acres in extent. 	The siting of these blocks gives 
reason to believe that they were meant to provide shelter for the farm on 
which they are found. 	These sites are perhaps acceptable to the Commission 
because a large forest is worked in the neighbourhood. 	When mature the 
stands will provide useful shelter and about 80% of the shelter woodland on 
the farm. 
Farm 19 - Seventy acres have been sold to the Commission on this farm, part 
of which is fresh graund, but most an old and rather narrower site which 
had been cleared in the first World War. 	The site is on poor ground and 
its position is obviously related to this, but it is well placed to give 
useful shelter. 	When mature, this planting will provide virtually 100% 
of the shelter on the farm. 
On all the farms, the Forestry Commission woodland is an appreciable 
proportion of the total woodland area. 	The woods will be managed for 
timber production and no structural modification will be made expressly 
with a view to improving the shelter value. 	At the end of their life they 
will be clear felled and the shelter lost for a period of time. 	These 
points seem to apply to many other shelter stands. 	Modification of 
structure to improve shelter is probably exceptional, especially in view 
of the fact that there is little theoretical basis for such management in 
hilly country, and clear felling, rather than partial felling and replanting, 
appears to be normal practise in shelterbelt management. 	The Forestry 
Commission woods cannot be regarded as differing from other recent shelter 
plantings, except that owners of the farms for which they give, or will 
give, shelter have obtained a price for the land, free fencing and shelter. 
The total number of farms with recent planting is therefore 28 (48% of 
the total). 
Owners of farms were questioned concerning their intentions as 
regards possible future planting. Tsble 16 suinmerises the replies:- 
TABLE 16 Farms Considering Planting, or with Definite Plans 
With Woods in Condition A Without Woods in Condition A 
Planning Considering Planning Considering 
to plant planting to plant planting 
2 5 2 5 
The farms which have neither recent planting nor any plans, may be 
considered here. 	The sample has been too small to make possible any 
general analysis of ressons for not planting. 	Certain instances, however, 
suggest possible frotors which may have influenced the situation. 
Five farms (28; 31; 38; 43 and 47) are particularly concerned with 
arable farming, and the existing shelter woods may be adequate for 
their needs. 
Two farms (23 and 36) may have euf1c1ent woods in satisfactory 
condition to make planting unnecessary. 
The policy of the landlord (individual or estate) does not involve 
shelter planting on tenant farms. 	Three farms may be affected in 
this way (30; 51 and 6). 
There are, therefore, seven farms with no recent plantings, which 
might plant in the future, two having definite plans:- 
Farm 12 - The replanting of a 16 acre shelterbelt and an extension of 
fifteen acres is planned. 
Farm 17 - Plans to replant 50 acres of ehelterbelt sites, mostly cleared, 
and the planting of a further 50 acres or so would mean that 7% of the 
total surface area of the farm would be under shelter woodland. 
About half of all the farms involved have therefore some recent plant- 
ing and a further 12% may plant in the near future. 	The majority of this 
planting is intended for shelter. 	Most recent planting has been the re- 
planting of old sites, rather than the establishment of new ones. 	This 
is shown on table 16. 
TABLE 17 	Shelterbelta in Condition A 2 Replanted and Newly Planted 
Replanted 	 Newly Planted 
acres acres 
Shelterbelts 
escribed 	25J 	 41 
Other woods 	- 24 
The significance of this excess of replanting over new planting is 
discussed In Part III. 
Conditions B and C 	t 	pge of stands 
Stands in conditions B and C include sites on which the uniform 
distribution of trees is Interrupted by gape. 	As shelterbelts they are 
mostly good to moderate, although by the traditional standards of forestry 
practise the condition may be very poor. 	Two examples illustrate this 
point:- Two farms have stands about 30 and 40 years old respectively, 
which have never been thinned. 	Despite this, there is no loss of trees 
and structurally they would seem to provide good shelter. 	It Is possible 
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that other stands examined may be underthinned, but for the provision of 
shelter this may be more effective than well thinned stands, which in 
the absence of a hedge or unbrnshed margin may be draughty or even value- 
less as shelter. 	Other stands, described as in condition C, have suffered 
widespread losses throughout their length, but still present an unbroken 
front to the wind. 	Many of these do not seem to have been greatly altered 
in permeability by the losses, and in some (and others in condition D) 
fallen trees effectively close what would otherwise be draughty spaces 
beneath the crowns. 
Damage and Deterioration: The direct cause of lose is usually due either 
to wind, or less frequently, felling. 	Table 18 shows that of the 140 acres 
of ahelterbelt in condition D, 126 acres (91%) are belts in the oldest age 
class. 	Most of this oldest age class not in condition D is in condition 
C. 	The majority of the oldest stands have, therefore, suffered some, or 
considerable, loss, and include all stands in condition D. 









- Acre 	% 
B 5670 6742 17 	5 
C 24 	30 77 	49 192 	57 
D - - 14 	9 126 	38 
The trend showing poorest structural condition In the oldest stands 
is evident from table 18. 	Stands between 25 and 70 years of age are mostly 
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in either condition B or C. 	The youngest stands of 25 to 40 years have 
70% of their total acreage in B condition, end the remaining 30% in C 
condition. 	A large percentage (49%)  of stands in age class C (40 to 60 
years) are in condition C. A rather large area of stands in poor con-
dition even in the youngest age classes is shown which might be due to 
particularly severe exposure and poor site conditions. 	The progressive 
deterioration with age could be accounted for by the greater length of 
exposure of the older stands. 	Since the woods concerned are planted 
for shelter, it is understandable that they might be in particularly 
exposed situations. 	The presence of stands in condition D must be 
regarded as an indication of neglect, because such sites are inefficient 
as shelter, and under efficient management would have been replaced. 
If there is a continuing need for shelter it is also likely that cleared 
sites (condition B) would have been replanted. 
If there Is an absence of efficient management on many farms, then 
some of the damage In belts of the younger age groups may reflect this. 
While healthily growing trees may be uprooted or broken by strong winds, 
lack of tending can make trees more susceptible to wind blow. 	The 
absence of thinning makes individual trees in a stand liable to blowing, 
since there is little opportunity for root spread or for the development 
of butress roots in response to wind stresses (Busby 1965). 	Once blowing 
starts in Inadequately thinned stPnd8, wither as a result of exceptionally 
strong winds, prolonged exposure, or of untimely thinning, the stand may 
collapse rapidly. 	Failure to clear blowing trees may result in their 
leaning on others and forcing these over in their turn. Lack of drainage 
prevents root development and makes the soil unstable, and blowing has 
frequently been PsRocipted with weterlogging in the stands visited. 
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In some cases little can be done, but it is considered that in others 
efficient drainage would have been adequate to prevent waterlogging, and 
blowing. 	Such indications of absence of regular attention have frequently 
been found, have been confirmed by the owners concerned, and are associated 
with some of the worst exrnples of shelter woods in very poor condition. 
It is not possible to allocate any degree of responsibility to site factors 
or to management, nor to attritute particular damage to exposure or poor 
rnnagement, but the importance of the latter must be appreciable. 
The reasons for poor management are various, but of particular interest 
is the situation in which change of ownership has meant that woods planted 
on the boundaries of tenant farms by estates, have been sold with one farm 
on the break-up of the estate, although the real benefit of the shelter Is 
gained by another farm. 	There is now no incentive for the owner to tend 
the wood and in one instance a new shelterbelt is being planted to replace 
the old. 
Condition D 
Shelterbelta In this condition are nearly all so old that losses can 
be attributed to progressive deterioration with age rather than particularly 
severe and difficult conditions of exposure. 	The existence of stands in 
such poor structural condition Is evidence of the absence of efficient 
sylvicultural management under which they would have been replaced. 	It Is 
likely that the large proportion of stands In 'poor structural condition in 
all age groups Is due to an absence of woodland management which contin- 
ued for some decades. 	Despite the poor condition, many of these stands 
undoubtedly provide some useful shelter, even though it Is limited by 
comparison with that which the same site would give under a stand in the 
best condition possible. 	This residual shelter may be enough to further 
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postpone the replanting of the site and the cost involved, which would 
have been necessary on the bosis of good forestry preotise alone. 
Condition E 
The area of cleared sites is lorge In acreage, and as a proportion 
(28%) of the tetol areo of shelterbelt sites selected for description. 
Of the total ores of woodland on all 58 forms, it is ot least 16%, although 
most of it has probo.bly been Included In the shelter wood sites described. 
Precise details of the dates of felling ore not usually availoble, but most 
of the sxeo hos been felled In the first or second World Wore, or in the 
Intervening period. 	Only one site is known on which extensive felling has 
occurred recently. 	This is on area of about 40 acres on farm 41. 	The 
stand was felled because It corned saleable timber. 	The property has 
since changed hends and 10 acres have beer replanted. 	Forty-seven acres 
on two frrm (26 and 30) ore the results of progressive deteriorotlon, 
the rerririing orea has been felled. 	On one site, planted by forms 4 and 
49 In conjurctlor, one pert woe felled end the other pert Is In such 
exposed conditions that growth had been elmost entirely checked. 	These 
sites do not resresent a continuing process of clearance of ahelterbelts. 
Whether such oreos are likely to be replanted cannot be forecesé. 	Table 
10 does not indieste any large scale replanting on forms with such sites. 
The majority ore now grezed by stock end this means that the land is not 
lost to the form for this purpose. 	On only two forms (47 and 57) have 
large acreages (30 sores: 16 acres) of any woodland sites been ploughed 
up for enable use 
The fact thet most felled sites ore still recogni.sable does not mean 
that they hove been intentionally guarded for future replanting. 	The 
fact that they were at one time plonted shows that shelter w°s once consid-
ered a necessity, and the opinion of owners is generally that more would 
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be an advantage. 	The absence of replanting would, therefore, seem to 
indicate inability to plant, rather than the absence of shelter need. 
Value of Stands 88 Shelter 
The possibility of stands in poor structural condition giving good 
or moderate shelter has been discussed. 	Some stands have high continuous 
hedges, which also improve the effectiveness of the stand, irrespective of 
the structural condition. A few examples are known where the hedges have 
remained after the stand has been cleared, and sites classed as condition 
E cPn be supposed to modify wind flow to some extent. 	These instnces are 
not numerous enough to alter the general conclusion the.t only stands in 
condition B or C give useful shelter, and that this is a relatively small 
proportion of shelterbelt sites. 	It is a further point to consider in 
relation to the value to farms of shelterbelts. 	It is possible for very 
derelict belts still to give an appreciable amount of shelter, and it is 
possible that deterioration of a shelterbelt may proceed very far before 
it is useless as shelter to a farm. 
Other Shelter Planting 
The 8,000 acre estate described in detail by Landale (1961) on *ich 
shelter planting has been continued for a long period of time, is also in 
the region studied. 	All the component farms have some shelter woodland 
which is managed by the estate, on a rotational system, so that as far as 
possible when e shelter belt becomes due for replacement, there are other 
woods available to give shelter. 	This long period of planned management 
particularly for shelter (although the woods provide both timber and 
sporting facilities) is exceptional, and it is perhaps significant that 
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it is one of the few properties which has not suffered s chenge of owner— 
ship since the beginning of the century. 	Another estate also In the area 
studied hes recently undertken a scheme of planting with the Forestry 
Commission, which will give shelter to three or four tenant ferms previously 
without vny. 	It consists in the ple.ntlng of a five mile long belt of 
woodland, to be managed primarily for timber, but which will provide useful 
ircidentel shelter. 	The same estate has also replanted a considerable 
tree of long established woodland sites. 
Apart from these particulr examples, other properties are known on 
which recent planting has occurred, end it is likely that there has, In 
recent years, been an Increase In planting, and that at the present time 




The Age of Stands and Shelterbelt Sites 
The Age of Stands 
The age of the majority of stands had to be estimated from general 
details of the dimensions of the individual trees. 	In a few examples 
the ages of stands were known by the owners. 	In other stands trees had 
been recently felled, end ring counts could be made to estimate the age. 
Occasionally the age of a stand could be inferred from map evidence of 
the date of origin. 	The age of stands for which no direct estimate was 
available was estimated by comparison with the stands of more precisely 
known age. 	Six age classes could be recognised:- 
Age class A: 	Stands of 0 - 5 years, trees small, few inches to 
about 5 feet high, individual trees closely spaced. 
Age class b: 	Stands of 5 - 10 years. 	Trees more or less isolated, 
about 5 - 10 feet tall, stem near ground level, two to three inches 
in diameter. 
Age class C: 	Stands of 10 - 25 years, trees 10 - 25 feet tall, 
the older stands sometimes brushed, canopy closing or closed, 
unthinned. 
The classification is only a rough estimate of age, based mainly on 
height of trees, end is therefore liable to error, because of retardation 
A 
or acceleration of growth in particular stands. 	The whold group Is 
treated as one in the general consideration of stand age. 
Age class D: 	Stands of 25 - 40 years. 	Estimate of age wee based 
on trunk girth at breast height and height of stand compared with 
stands of 1nown age. 	Generally stands of this age grout were about 
30 to 45 feet high, as estimated visually, and the trunks about 
47 
four to nine inches in diameter at breast height. 
Age class E: 	Stands of 40 to 70 years. 	About 50 feet or more 
in height and individual trees more than nine inches trunk diameter 
at breast height. 	The evidence of the 1907 editions of the 
Ordnance Sijvey maps (25" to the mile) could be used to check the 
likelihood of planting at about this date on any site. 
Age class F: Stands of more than 60/70 years. 	The generally large 
size of the trees, up to and sometimes exceeding 1 ft 6 inches in 
diameter of trunk at breast height, sometimes but not often exceeding 
60 or 70 feet, are characteristic. 	As shown in Table 27, p. 
many of these stands are mixed broadleaf and conifer and mehy have 
suffered extensive losses. 	Height has at all times been used as a 
guide to age, but in certain Instances it Is obvious that exposure 
has checked growth. 
The usual estimate checked by a study of maps is thought to be fairly 
accurate and the age classes are considered to show the broad age grouping 
of stands. 
The Age of Shelterbelt Sites, of Existing Stands, 
and Planting in the Past. 
Maps of the district studied, published since 1800, show an Increase 
in the number of woodland sites and the number of farms on which this has 
occurred. 	During this period some sites have been cleared and either 
replanted or left without replanting. 	The maps only show the amount of 
new planting which has taken place, and not the extent of replanting. 
It is believed that the appearance of new sites does in fact show the 
general pattern of past planting in all woods, although the figures in 
table 19 only refer to shelterbelte selected for description. 
TABLE 19 	Shelter Wood Acreage Newly Planted and Number 
Before 1800 1800-183011830-1860 1860-1910 1910-1965 
Farms planting + 
for let time 7 4 17 20 9 
Acreage plant- 
ed for lot 
time 109 85 280' 39 78 
Farms adding - j 	- 2 12 3 
Acreage added - - 17 200k 21 
Total acreage + + 
planted 109 85 297 519 99 
Total farms 
involved 7 4 19 32 12 
Total acreage 
woodland pres- 
ent at end of 
109 194 491 ,010 19109 period 
%of final 
acreage 10 18 44 91 100 
Total farms 
involved at 
endofperiod 7 11 28 48 57 
+Farm 8 has been included, but not the acreage of woodland, 
about 60 acres, which was planted 1830-1860, and about 
60 acres 160-1910. 
Although the periods for which planting has been calculated are not 
equal (they are determined by the dates of subsequent ring editions), 
table 19 shows that by about 1910, 1010 acres (91w) of shelter wood sites 
selected for description, had been planted on 46 farms (84%) and that the 
greatest amount of new planting in terms of acreage and number of farms 
involved, took place towards the end of the nineteenth oentury.+ 
In the last 50 years only about 100 acres were newly planted, compared 
with about 500 In the preceding 50 years. 
+ It is possible that this 
apparent reduction In planting was due to the need to replant many of 
the older belts which would have been approaching the end of their use- 
ful life. 	Some estimate of the extent of likely replenting may be 
gained from the acreage of stands under 50 years of age. 	These cover 
415 acres but table 19 shows that only about 100 acres of this can have 
been newly planted. 
TABLE 20 	 Age Class of Stands 
Age Class A B 	C D EF 
Period of 1960-65 1955-6011940-50 1925-40 1905-25118?-1905 
planting 
Age of 0 - 5 5 -10 	10 -25 25 -40 40 -60 	60 + 
stand 
Duration 5 5 	15 15 20 	40 
of period 
Acres 75 40 	60 80 160 	300 
The remainder must therefore represent replanting of sites established 
before 1905 (since no sites under 50 years of age have yet been replanted). 
This is r tot1 of 315 acres. 	Table 20 shows that 300 acres of stands 
are over 60/70 years of age. 	The reainIng 4O. acres of shelter wood 
site planted before 1905 and not accounted for, are the 340 acres known to 
+The 120 acres of new rlanting of farm 8 have been omitted from 
the discussion. 
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hove been cleared end to have remained unpiented. The pattern of plant-
ing shown by this analysis is summarised in table 21:- 
TABLE 21 
	
Treatment of Shelterbelt Sites 
Acreage Planted Before 1910 Acreage Planted After 1910 
Re- 	Re- 	1 Cleared 
Tnixg Tnted I 
300 	315 	300 
123 
-I 
+Acreage now being replanted on farm no. 8. 
Since most of the planting before the beginning of this century was 
carried out between 1830 and 1900, it is unlikely that the amount of re-
planting ever exceeded the amount of new planting until 1900 or later, 
since only then would such a large acreage have been old enough to justify 
replacement. 	Table 21 shows that since 1900, replanting has exceeded 
new planting, and this is true of the most recent planting (see discussion 
of condition A). 	Of the woodland sites established before 1900, 30 acres 
carry stands older then 60 years, and a further 315 acres have been re- 
planted since then. 	The remaining 300 acres were cleared, mostly early 
In the century, and have not been replanted since. 	Of the 300 acres of 
stand over 60 years which remain, table 8 (p.30) has shown that 149 acres 
are in condition D, and therefore virtually useless as shelter. 	Therefore, 
of the acreage of woodlnd planted in the nineteenth century, only about 
one third has been replanted, and rather less remains in moderately good 
structural condition. 	A large acreage, most of which was cleared during 
the first World War, remains implanted. 	Since there can be little doubt 
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of the capacity of owners to plant until about 1910, the lack of replace-
ment of so much of the early planting needs to be explained, and it is 
believed thet it is changes in the pattern of ownership which have been 
directly responsible. 
Ownership 
In considering the significance of the distribution and condition 
of ehelterwoods at the present time, it is necessary to examine the past 
and present pattern of ownership. 	The maps vhich have been used to trace 
the development of shelter planting also show the farm buildings. 	The 
majority of these are present on the earliest maps and there has been 
very little change in their number of' distribution. 	A limited number of 
present day farms represent an amalgamation of two farms, the buildings 
of one having become derelict, or being used only for the storage of farm 
produce. 	This general constancy in number and distribution of farms is 
taken to indicate a constancy in farm boundary, although these are not 
shown. 	There may have been some small changes in area, but the Agricul- 
turpl Returns, published since 1866 for the parishes concerned, show a 
relative constancy in the number of agricultural units per perish, partic- 
ularly in the upland perishes. 	There are irregularities, some of uich 
may be due to inaccuracies in recording (this is certainly true of Vzodland 
acreeges for the parishes. 	See also Forestry Commission Census Report 
which comments on this), and others due to minor changes in perish bound- 
cries. 	(A number of parishes once possessed detached cress which have 
now been transferred to the parish in which they were situated. 	The 
general constancy is noticeable despite this, as can be seen from table 22. 
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TABLE 22. 	Number of Agricultural Holdings in Eig.tee 
Parishes, Recorded in Agricultural Returns for 
Parish 1867 1964 Parish 1867 1964 
Innerwick 15 39 Crichton 21 12 
Oldkamstocka 12 14 Pala & Soutra 8 11 
Spott 12 11 Heriot 15 13 
Whittingehame 14 15 Stow 47 29 
Garvald 23 15 Temple 19 14 
Haddlngton 49 101 Abbey St.Bathar 10 6 
Humble 24 19 Cockburnspath 40 18 
Yester 20 22 Cranahaws 6 5 
i Borthwick 3335 Longformacus 117 13 
This shows the relative constancy in number of agricultural holdings 
over the past 100 years in eighteen parishes in the area studied. 	There 
are variations, but these may be explained by changes in pariah boundaries, 
amalgamations in some farms, irregularities in the returns, and some local 
establishment of enLaliholdings. 
In several Instances, long established shelter wood sites end for no 
other apparent reason than that they reach the present farm boundary, which 
is therefore taken to have been situated there since the establishment of 
the wood. 	Other voda In the region, not necessarily shelter woods, are 
now boundary march woods, and their long establishment is also taken to 
indicate a permanency of farm boundary, and the same Is true of many 
boundry wells. 	This constancy in number end siting of farms shown on 
the maps is, therefore, taken to reflect a constancy in the area belonging 
to each farm. 	(Dudley Stamp (195) has remarked on the way in which con- 
struction of solid farm buildings at the time of the enclosures has made 
difficult re-arrangement of farms and on the constancy for the last 100 
years of the rural pattern (1958)). 	It is assumed on these grounds that 
shelter woods have changed hands,in nearly all instances, together with 
the farms of which they are part at the present time. 
The igriculturnl Returns show that in the latter half of the nine-
teenth century the majority of farms were tenant occupied, whereas the 
present survey shows the majority of farms to be owner occupied. Table 23 
shows figures for types of ownership in 1887 summarised from the Agricul-
tural Returns for East Lothian (Haddingtonshire). 
TABlE 23 	Number of Agricultural Units Owned end Rented 
in Haddingtonahire 1887 
Rented 	 Owned 
452 	 105 
This predominance of rented farms is found in all the parishes at 
that date with which the present work is concerned. Table 24 shows the 
occupancy of farms visited in the course of the stu4 :- 
TABLE 24 	Occupancy of 58 Farms Involved in the StuJr  
Owner 	 Tenant 	Manager or 
Uninhabited 
43 	 1 	5 	 10 
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Most farms shown as having a manager are parts of business asso-
iations including a few farms, only two are parts of large estates. 
This change of ownership from tenant to owner/occupier, and from 
farms grouped on large estates to farms isolated, or acco1ated in 
small business groups, has mainly occurred in the last 50 years (since 
about 1900) although there may have been some changes before (Third 
Statistical Account 1953). 	It has occurred during the same period in  
which the very extensive planting of the previous century came to a half, 
during which a large acreage of felled woodland was not repiciced, and in 
which planting has not been on the same scale as in the late nineteenth 
century. 
Managemeht of Woodland 
TABLE 25 	The Management of Shelterbelts on Farms 
None Own Estat. Contracted 
Number 	1, Maour Labout Labour 
of 
Farms 	26 9 3 20 
Table 25 shows the management of shelterbelts and refers to recent 
plantings and the management of woodlands at the present time under the 
present system of ownership. 	Only nine farms have employed any of their 
own labour, and on five farms the area has been relatively limited. 
Most of the work has been carried out by specialist firms. 	Des'rite the 
predominance of owner/occupied farms, woodland management is not closely 
integrated with farm management. 
PART IV 
Species Composition of Shelterbelte 
An estimate was made of species which were particularly numerous 
or well represented in the individual stands. 
TABLE 26Species Abundance in Shelterbelts, Estimated as the 
Number of Acres on which a Sjcies is a Major or 
nst)icuous Component of a Stand. 
Acres Acres 
Scots Pine Sitka 	Spruce 17 
(Pinus sylvestrie) 461 
Sycamore 15 
Larches (Larix) 122 
Beech 29 
Norway Spruce 64 
Mixed 134 
The table refers to stands of all ages. 	The most conspicuous 
feature is the predominance of S4ots Pine (Pinus sylveetris). 	This 
appears to be planted as a pure stand more frequently than any other 
species, except perpahs Sitka Spruce, but is often the main component in 
ç+o\s 
a conifer mixture. 	Soma apparently pure 	 may be due to selective 
felling of the others in what was originally a mixture, eg: Lerch, which 
provides useful timber. 	Some mixtures of Scots Pine and Larch have been 
planted with this intention. 	A Larch/Scots Pine mixture is probably the 
most common; pure Larch stands are rarely met with. 	Norway Soruce is 
occasionally found in pure stands, but more usually in mixture with Larch 
and Scots Pine. 	Two noticeable changes in choice of species have occurred 
in the past 100 years, and both are apparent in the shelter wood sites 
examined. 	134 acres are recorded in table 26 as mixed. 	These are 
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mixtures of conifer arid broad leaf species, and are stands over 60 years 
old. 	Table 27 shows tht all 140 acres are in age group F 	Their 
composition varies from predominantly conifer to predominantly broad 
leaf. 	Much of this variation may have been due to selective felling 
over the years, and many have been planted as roughly equal mixtures of 
conifer and broad leaf. 	The conifers are generally represented by 
Scots Pine, Larch and Norway Spruce, and the broadleafed species by 
Sycamore and Beech. 	Douglas fir has been added occasionally, end Ash 
and Elm are abundant in a few stands. 
Younger stands are almost without excett1on pure conifer. 	The 
species planted are various mixtures of Scots Pine, Larch and Norway 
Spruce, or as pure stands, and Scots Pine 1as at all times been most 
abundant. 	Recently (in the last 25 years) the planting of Sitka Spruce 
has become common. 	Not all of the younger plantations were included in 
the estimate of species abundance, since a number of young stands were 
either overgrown with weeds, or the trees not large enough for any 
accurate estimate of species abuncance to be made. 	If they had been, 
it is probable that the relrtive abundance of Sitka Spruce would have 
been increased, but it is unlikely that other species would have-shown.± 
significant differences In abundance 	These trends, a change from 
mixed to pure conifer stands, and a recent preference for Sitka Spruce, 
were noted In the Forestry Commission Census of Woodlands (1947). 
The following table no 27 shows the composition and condition of nU 
stand in age group F. 
+ A few stands In very derelict condition were also excluded, since It 
was not possible to estimate the likely original composition. 
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Pred. 	Mixed Pred. 	Mixed 1Pred. 	Mixed 
Conifer Conifer - 	Conifer 
11 	6 I 88 80 1 52 71 
No comparison could be made between different species mr elation to 
possible differences In loss and damage, since only Boots Pine was partic- 
ularly abundant in the sample of shelter woods. 	Any xmparison of species 
losses would have first to evaluate the likely influence of aat management. 
(The continuity of discontinuity of sylvicultural treatment). 	There was 
the possibility that mixed stands might be more or less stable than nifer 
stands (which means predominantly Scots Pine). 	Table 27 shows that can- 
ifer and mixed stands of this oldest age group are equally distributed 
between condition C and condition D, which does not suggest any such 
difference. 
Stock Entry to Shelterwooda 
t 
Most sites which have been amee4 are grazed by cattle and sheep. 
In addition, a number of shelter belt stands are open to stock either 
permanently or according to the need of the farm. 	As can be seen from 
table 28, one farm has woods of both kinds, so the total number of farms 
on which stock ha.s access to at least some woodland is nineteh 
and altogether 138 acres of shelterbelts are accessible to stock at least 
occasionally. 	Where access is limited, the woods may be used as stells 
for lumbering or, for protection of stock In particularly bad weather. 
It is noticeable that only a smell proportion of stands in condition B 
are accessible to stock. 	It appears that stock are not usually admitted 
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except to etnde which are in fairly poor structurel condition, some of 
these in condition D are virtually useless as shelter and stock entry 
is primarily for grazing. 
TABLE 28 	 Stock Entry to Shelterbelts. 
Permanent Acress Limited Access 
Condition of No. of 	Acres of 
Farms Shelterbelt 
No. 	of 	Acres of 
Farms Shelterbelt 
1 	
13 1 	2 
C 7 	28 6 	47 
D 7 	45 1 	3 
Totai 
Tota]. 	. 	of 13 INo.of.86 
JTotal 
7 	No.of 52 
There is no evidence that the entry of stock has been the initial 
cause of damage to the stands. 	In allowing stock to enter, farmers 
exploit to the maximum the shelter value of old stands, in which small 
groups of trees and even fallen trees provide locally sheltered spots, 
though the stand as a whole gives little shelter. 
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DISCUSSION 
Murray and Mu±ch (1961) found that most shelterbelts included in 
their survey were on stock farms (89% of all shelterbelts), Although 
no random sample was made, shelterbelts in the Lothians and Berwickshire 
appeared to be infrequent on lowland arable plains, and on unenclosed 
bill pasture arid moorland. 	Shelter was mainly for stock, on upland 
improved pastures carrying about one sheep per acre, and depending on 
supplementary feeding throughout the winter for the flocks. 	This partic- 
ular need for shelter on the part of stock farming is characteristic 
(Cadman 1963). 	There is a relptive absence of planting on unenclosed 
hill land, mainly due to the absence of techniques for the establishment 
of trees in this region until recently (Caborn pers. comm.). 	It is 
possible tht there is little economic justification for large scale 
shelter nienting on ,this land which carries about one sheep to Pvery three 
acres, and on which sheep are customarily outwintered with neither supple-
mentary feeding nor woodland shelter. 
Most woodland sites on the farms were potInta1ly valuable as shelter, 
over 60% of this area could be described as shelterbelts and timber 
management was exceptional on the farms. 	In such an exposed region, no 
fine distinction can be drawn between shelter wood sites and woods giving 
incidental shelter. 	Only about 10% of the area could give little or no 
useful shelter properly planted, and most of this was timber woodland on 
two farms. 	A few other sites which were worked for timber, notably those 
owned by the Forestry Commission, also gave, or would give, shelter. 
The total area which is, or has been, planted on Individual farms, 
end the percentage of the farm area which this represents, varies from 
farm to farm. 	This may reflect differences in shelter need, but In 
f;o 
many farms it is less than that which has been regarded as practicable 
on similar farms (Caborn 1958. Landale 1961). 	The actual condition of 
e}ielterbelt sites chosen for description showed that stands which could 
be regarded as giving satisfactory shelter covered a smaller ares than 
sites which gave little or none, and were either cleared or wasted. 
This extensive area of lost or wasted shelterbelts, and the losses even 
in stands of 25 - 40 years of age, can be compared with the findings of 
Murray and Mu:tch (1961) which showed that only 25% of shelterbelte gave 
setisfa ctory shelter, and that many belts were in poor condition. 
The direct cause of loss has been either felling, or a result of 
exposure, but these cannot be considered as primary causes of the present 
state. 	Damage and lose was found to increase with the age of the stand, 
and stands in the poorest condition were almost entirely in the oldest 
age class. 	Most of the cleared sites had been felled in the first World 
War. 	There has been a neglect of old plantations, and a failure to 
replace the felled ahelterbelts. 	In contrast to this absence of planting 
and attention is the planting in the nineteenth century, and which by 1910 
had established 90% of the existing ehelterbelt sites. 	Between 1860 and 
1910 maps show that the planting of new sites and the number of farms 
involved was greater than in a similar period of time either before or 
after. 
After 1910 there was very little plant1ii of fresh sites, and even 
all the cleared sites were not replanted. 	It is arguable that by about 
a larger area of woodland than ever before had become due for re- 
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placement and that since then most planting has been the replanting of old 
sites. 	Replanting since about 1910 does, in fact, exceed new planting, 
but the whole area planted since then is less than that planted for the 
first time in the preceding 50 years, in which period there was certainly 
replanting as well. 	Since about 1910 there has been absolutely less 
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planting than in the period before. 	There is equally no reason to believe 
that new planting decreased becuse rncat farms had by then enough shelter 
woodland. 	Many even now have less than other farms of apparently similar 
farming type. and with similar shelter needs, and still others have none 
at all. 	The primary cause of this decrease in planting is thought to 
lie In the changes In farm ownership which followed the Great War and were 
accompanied by economic depression. 	The majority of farms today are owner 
occupied but a hundred years ago the majority were tenant occupied and 
most belonged to large estates. 	It was these estates which planted most 
of the woodlands, end maintained them with permanent forestry staff. 
The management of the woods wee not the task of the farms and did not 
affect the farm economy. 	The majority of estates were broken un or 
reduced in size during the social changes which followed the first World 
War. (Third Statistical Account 1953) and as the farms were sold, so also 
were the woods on each farm. 	It is unlikely that many of the farms had 
the tradition, labour or capital needed to care for the woodland sites 
which were now part of the farm, particularly at a time Of economic depress- 
ion. 	Not only were the farms sold individually, bit afterwards changed 
hands, sometimes several times, and under these conditions it is difficult 
for any continuous policy of management, so necessary for forestry, to be 
maintained. 
It is this change of ownership of the woodland, end loss of the 
system of management which is considered to be resonsib1e for the reduct-
ion in planting, and the present poor condition of so many woodlands. 
It Is against this background that the significance of recent planting 
should be considered. 	The number of farms on which planting of any kind 
has been done recently is about half of the total, end most io shelter 
planting, although In Forestry Commission sites the planting is intended 
to produce timber. 
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The acreage plonted has increased in recent years, although cleared 
sites have not yet been replanted and some of these, or stands in very 
poor condition, are on farms which have no recent planting. 	When 
planting is directed by the farm (unlike the Forestry Commission sites 
bought from the farms) it is probable that financial aid has been obtained 
through grants, and usually the work has been done by contract labour. 
This is similar in principle to the management of the woods by the estates 
when the farm economy itself was not affected, but the future of planting 
and maintenance is now intimately tied to the future of the lneiividual 
farm. 
	
	Shelter planting is, therefore, more than ever the concern of the 
farm, although its msnagemeht remains minterated with that of the farm. 
The damage and loss which have occued can be related to the age of 
the stand but not the species composition. 	Scots Pine (Pinus sylvostris) 
is particularly abundant in all age classes, and the Increasing deterior-
ation with age has occurred In stands which are structurally comDa.rable. 
Only in the oldest age class is there an appreciable acreage of stands 
which do not contain a large proportion of Scots Pine. 	These are mainly 
or entirely broad leafed shélterbelts in which Beech (Fagus sylvatica) 
and Sycamore (Acer psudopletanus) are particularly common. 	There is 
no evidence that these have deteriorated more or less than stands of the 
same age which are mainly conifer (mainly Scots Pine), which is further 
evidence for the association of deterioration with age r thor than  
species composition. 
Blowing of trees was often associated with poor drainage, and in 
some sites the effects of exposure in 8t ntIng growth or damaging stands 
were very clear. 	It is not possible to assess the importance of these 
factors without knowing the history of management of the stands, and 
this has varied from farm to farm. 
The halt in planting at the turn of the century, the fellings of 
the first World War, and the neglect of woodland management as a result 
of economic depression and financial difficulties, have been noted by 
Caborn (1965) and llrynartn (1958). 	It is these factors and the 
changes In farm ownership which have been responsible for the depletion 
and damage in shelterbelte. 
Under the present pattern of farm ownership, it Is unlikely that 
P consistent policy of management can be mintained over a period of 
time sufficient to cover the life span of even one generation of shelter- 
woods, on the majority of farms. 	This upland area is undoubtedly affected 
by agricultural prices, since it is land of intermediate quality between 
the best ara1e soils and the impoverished hills. 	It is a region partic- 
ularly liable to change; worth cultivating when agricultural prices are 
high, but liable to neglect when they are low. 	Until the 1940's agricult- 
ure was in a state of depression during this century, and to this may be 
ascribed much of the neglect of woodlands which has occurred. 	While 
attention to shelterbelta and shelter woodlands by the farms to which 
they belong has been limited, the available evidence suggests that the 
management of woodlands and their condition is now more dependent upon 
the policy of the farms than ever before. 	Any scheme for the Improvement 
of existing shelterbelts or the establishment of new ones must first 
consider whether full integration of shelterbelt management with farm 
management is desirable, or alternatively, whether such management would 
be better dissociated in entirety from the farm economy. 
CONCLUSIONS 
$helterbelts or shelterbelt sites were defined according to 
dimensions and usage. 
They were found to be particularly associated with upland stock 
farming and appeared to be less abundant in arable areas or on 
Impoverished hill land. 
Most farm woodland sites were potentially valuable for shelter. 
The total area of land that is or had been planted, varied consid-
erably from farm to farm, but there was some evidence that the 
acreage of woodland sites Increased with the size of farms. 
There was no evidence that percentage area of woodland sites 
varied with farm size, but it was considered that the mean of 3% 
reflected a generally low proportion of woodland on farms which 
could have more planted for shelter. 
The area of standing woodland on shelterbelt sites which could be 
regarded as giving useful shelter was less than the area giving 
little useful shelter either due to damage or because the sites 
had been cleared. 
Loss and damage increased with age and were considered to be due 
to gr.dual deterioration due to neglect, or failure to replant, 
rather than any particularly severe conditions of environment. 
Planting of new sites continued until about 1900, since when only 
a limited area has been newly planted. 	Replanting of cleared 
sites has also been limited and the majority of these have remained 
in this posAion from the first or second World Warp 
The period of neglect and absence of planting during the last 50 
years coincides with a period of change in the pattern of owner- 
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ship and of economic depression. 	At the ,reeent time most shelter- 
belts are on owner occupied farms, which until recently are not 
thought to have possessed the financial ability to restore Pnd 
replant shelterbelts first planted by large estates with terLanent 
forestry staff and with capital independent of the farm economy. 
Despite a possible recent increase in the amount of planting, 
perhaps due to the availability of grants and use of contracted 
labour, making woodland management fairly indeDendent of farm 
management, shelter woods remain more than ever subject to the 
policy of the individual farm. 	It is unlikely that a consistent 
policy of shelterbelt management can be anticipated on the majority 
of farms over a period long enough to cover the life span of a 
normal shelterbelt, under the present system of woodland ownership 
Lack of attention to management of shelterbelts may be due in part 
to the fact that shelterbelts in poor sylvicultura]. condition may 
still provide useful shelter for the farm. 
There is no evidence that shelterbelts as defined have been or are 
treated in any way differently to other woods on the same farm, witbr  
the possible exception of timber woods. 	The condition of shelter- 
belts may be regarded as the general state of form woodlands in the 
area studied. 	A full understanding of the factors influencing the 
condition and distribution of shelterbelts cannot be attained with-
out examining the distribution and condition of all other farm wood-
lands and also farm management and ownership. 
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Farms and Acreege of Woodland Site, According to 
Usage and Condition 
Perni No. Woods not Other Shel- Shelter Belts Forestry Total 
ter Woods Shelter Described Coinnilselon 
ABODE 
1 8 10 18 
46 9 ll 110 3 80 
4 38 23 912 64 
5 25 25 
6 1 79 
1 10 
17 
15 7 5 
8 123 1 123 
9 2 3]. 33 
10 6 6 7 19 
1]. 	7 16 
--i--- 
325, 3 53 
12 171  17 
13 . 13 7 20 
14 510.5 20 
Prm No. Woods not 
ST,  p1ter 
Other Shel- 
èr Mods 





15 2 4 6 
16 4 5 9 
17 9 8 	24 41 
18 11 6 17 
19 70 70 
20 6 6 
21 12 9 9 30 
22 4 45 13 
23 326 5 34 
24 16 2fi 42 
25 5 9 14 
26 2 	n 1 13 
27 71 20 3 22 4 120 
28 4 23 9 
29 7 29 3 	- 
Prni No. Woods not Other Shel- Shelter Belts Forestry Total 
Shelter—  terWbods Described Commission 
ABODE 
55 30 5 31136 
31 26 1 91 	11 37 
- 
- 32 
30 81 6 
4 
f45 33 
34 3 161 10 
35 	 17 18 35 




39 TIIL 22~ _ 22 
40 24 8 	4 36 
41 10 	10 39 	 59 
	





44 	 83 	11 22 	8 ' a 	121 	 142 
Farm No. Woods not Other ShelJ Shelter Belts IForestry I Total 
Shelter 	ter Woods 	Dezãibid - Commission 
AB C D E 
45 	 20 	 20 
46 
	
	 25 	 1211 	 32 	80 
-f 
47 	 31 	 10 	 6 	 26 	 73 
31 !48 	 9 	 319 
: 
49 	 28 	4 7 	19 	 58 
50 	 11 	 9 	 20 
-- 
51 	 6 	 6 
52 	 61 	 7 
53 	 12 	 12 1 
54 	 10 	 10 
1 
55 	 6 	 5 	 40 	51' 
t 
56 	 16 	 82 	 26 
57 	 , 2 	 13 	16 	1 31 
58 	 ] 	8 352 	 63 
TOTAL 	230 	 394 	168 146 312149 342 158 
123 





Species PRrticulPrly Abundant in Stends 
and Acregee 
Prm Scots Larch Norway S-p Beech Sycamore Mixed 




19 	3 	 1 
Prm Scote Larch 
R—r—u-Ne 
rwS1tk Beech Sycamore Mixed 
No ine Spruce 
231  
26 
24 9 4 2 
25 
26 24 21 9 : 	4 -, 
27 4 - 4 1 





32 12 1 . 	2 
33 1 6 
34 18 
35 18 6 13 
36 9 2 2 
37 2 2 2 
38  





41 2 1 7 t 

















Beech 	Sycamore 	Mixed 
47 3 
48 1]. 2 
49 
50  
51 1 1 6 






11 58 1 
TOTAL 461 122 64 17 29 14 	134 
APPENDIX C 
Date of Appearance of Shelterbelt Sites 
as Shown by Maps 
Farm -1800 1800- 1830- 1860- 	1910- 1925- 1940- 1955- 	1960- 





11 35 1 
5 19 
5 25 
6 17 t 
7 10 
8 60 I60 
9 33 
10 13 
11 t46  
12 17 







4 - - 
21 	 18 
Farm -1800 1800- 1830- 1860- 	1910- 1925- 1940- 1955- 1960- 
No. 1830 1860 1910 1925 1940 
5 
1955 1960 1965 
22 4 
23 22 12 
24 - 	26 
2 25  5 3 
26 13 
27 30 








1 	f — '.-- 
 4  
33 10 
34 6 
35 2 	 15 
36 221  




41 	 59 
421 
I 
43 	 1 	 7 
-4-- -1--- 
44 	14 	 26 
45 	 12 	7 




















48 7 16 




53 1 	12 
54 10 
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APPENDIX D 
Maps Used for Historical Reconstruction 
AREA 	 DATE 	 AUTHOR 
Brwickeh1re 	 1771 	 Armstrong 
9 	 1797 	 Black adder 
1821 	 Thompson 
1826 	 Sharp, Greenwood and 
Fowler 
Lothians 	 1773 	 Armstrong 
It 	 1824 	 Sharp, Greenwood and 
Pcwler 
Eaddingtonshire 	 1799 	 Forrest 
of 	 1812 	 Knox 
Ordnance Survey Maps 	 All Editions. 
All maps are available for reference in the Ntional 
Library of Scotland. 
APPENDIX E. 
Farm No.! Area ofj Woodland % Wood1nd 
Site Area Site 
4 300[ 20 7 
20 337 6 2 
23 324 34 10 
26 360 13 4 
28 448 8 2 
32 300 	i 4 1 
36 469 22 5 
38 282 4 1 
57 300 31 10 
Farm Size 
200 - 500 acres 
5 600 25 4 
9 600 33 6 
13 540 20 4 
21 648 30 5 
31 500 37 7 	 Farm Size 
34 600 9 1 	 500 - 700 acres 
39 595 14 2 
40 525 1 	36 7 
45 580 20 3 
50 650 20 3 
51 573 1 
53 665 11 2 
54 500 11 2 









4 850 64 8 
6 750 17 2 
7 886 15 2 
10 718 19 3 	i Farm Size 
12 700 17 2 700 - 1000 acres  
15 990 6 
18 700 17 2 
19 700 70 10 
27 700 120 17 
41 806 59 7 
52 800 7 1 
58 872 63 7 
- 
8 19 328 123 9 
11 1,120 53 5 
17 1,490 51 3 
22 19 004 13 1 
33 19 224 45 4 Farm Size 
43 19 000 28 3 1000 - 1500 acres 
44 10 250 142 11 
46 19 300 80 6 
47 1,030 73 7 
48 19 000 31 3 
49 1,050 58 5 
55 1,200 50 4 
56 19 280 25 2 






1 1890 18 	 1 
24 1720 42 2 
Farm Size 
29 1600 36 2 
00 	2000 
35 1700 35 2 acres 
42 1727 10 
3 ) 	2118 110 5 
16 2715 9 1/3rd Farm Size 
25 2200 14 1- 2000 + acres 
30 , 	3269 55 2 
39 5666 22 1/3rd  
